Abstract. Cell electroporation referring to the formation of micro pores on cell membrane caused by externally applied electrical field is a membrane phenomenon which involves fundamental behavior of cell and artificial bilayer membrane, and increasingly attracts consideration in biology, biotechnology and medicine. To improve cell viability and transfection rate, we systemically studied on electroporation under different conditions: (1) ultrasound with different power and frequency, (2) magnetic fields in electroporation, (3) value of pH during electroporation.
Introduction
Electroporation is a powerful method for delivery of a large variety of molecules include ions, drugs, dyes, tracers, antibodies, RNA, DNA, etc. [1] and has been widely used as an efficient and safe transfection method [2] . However, there is no electroporation device that can lower the voltage to 1.3V, so it is bound to hydrolysis, which has some inherent damaging effects, including bubbles, toxic ions released by electrodes, pH value and heating. Those effects seriously affect viability of cells, and are not well addressed yet. Sonoporation on the other hand is similar to electroporation which utilizes the interaction ultrasound with bubble reagents to increase the conductivity and permeability of cell [3] . When microbubbles are presented in an ultrasound field, they respond to the alternating compression and expansion cycles of the ultrasound wave by changing diameter since their gas content is much more compressible than the surrounding tissue. The effect of microbubble and ultrasound to improve plasmid transfection of a variety of cells in vitro has been examined by a number of studies [4, 5] . In general, in vitro electroporation is significantly less complex and more efficient than ultrasound method [6] . A number of studies have examined the effect of magnetic fields to control hydrogen bubble release by Lorentz force [7, 8, 9] . At electrode where the average current distribution is uniform, it is found that the bubbles released are smaller when a magnetic field is present [10] . At the same time, a dramatic pH is always accompanying with electroporation because of hydrolysis [11] .
To improve cell viability and transfection rate, in this study, we firstly investigate the improvement of electroporation in ultrasound; secondly, we have a research of the motion the bubble in magnetic fields during electroporation. At last, we change the value of pH to explore the influence of pH on electroporation.
Experimental and Results

Ultrasound
Microbubbles in the solution under ultrasound will cause pore formation with shear stress to the membrane due to microbubble collapse and deformation of the membrane caused by the oscillating bubble [12] . Meanwhile, it is bound to hydrolysis during electroporation. Therefore, we added ultrasound during electroporation process. Fig. 1 shows the detailed design of the system. A 1 MHz piezoelectric transducer was driven by a function generator (33220A 20MHz, Agilent Technologies, USA) via a power amplifier (E&I 2100L RF Amplifier, Electronics & Innovation Ltd, USA). The interface of the transducer and the vessel was coated of an impedance matching gel. In order to find whether the ultrasound could improve the efficiency of electroporation, we chose 6 different cells to do the experiment. Table. 1 shows the optimal parameters of electroporation for 6 different cells. All of the experimental groups are under the same ultrasound field created by the transducer conducted by the function generator supplied 1MHz sine wave with a peak-to-peak amplified by a 50 dB power amplifier for 60 seconds from the beginning of the electroporation. All of the cells were electroporated in a cuvette by an ECM-830 stimulator (BTX, USA). Fig. 2 shows the results of the experiment. The performance of the ultrasound to improve the electroporation is not obvious by transfecting DNA plasmids to 6 different cells. Figure 2 . Performance of DNA plasmids electroporation for various types of cells.
Cells name
Magnetic Field
A considerable part of the cell losses is the result of hydrogen and oxygen gas bubbles evolving at, and sticking to the electrodes' surfaces, which leads to an increased ohmic voltage drop, thus reducing the effective electrical conductivity of the solution [13, 14] . The magnetic field can generate flow with Lorentz force which is often referred to as the magnetohydrodynamic(MHD) effect. MHD is able to enhance the detachment of bubbles from the electrode. Magnetic field can accelerate the bubbles release so that increase the efficiency of the electroporation. Fig. 3 illustrates the detail of the device. Fig. 2B shows the device we made to settle the 1T NdFeB magnet (Xiangxiong magnet Co. Ltd, China). HEK-293 cells were electroporated in a cuvette with 1mm gap between the aluminum electrodes, with three pules of 300 V for 400 µs by an ECM-830 stimulator (BTX, USA). The results show that 1 T magnetic field didn't make much difference to electroporation process. Figure 3 . The design of devices to improve electroporation efficiency by magnetic field.
PH Value
There always have variation of pH value during electroporation because of the hydrolysis. The transient pH change is fatal to cells. In our previous works [15] , it has been proven that there is a critical pH value of cell viability. When the pH value is larger than 12 and smaller than 3, the cell viability decreases steeply. Therefore, we choose Hela-Luc cells to further investigate the optimal value of pH during electroporation. Under normal circumstances, these cells can fluoresce with their own fluorescent protein gene. We determined the experimental results to introduce siRNA to inhibit the fluorescent protein gene expression with electroporation. In the experimental group, cells were electroporated with siRNA at the same time the control group were electroporated without siRNA. Therefore, the relative value of luciferase activity can show the results of pH effects on electroporation. Fig.4 illustrates the luciferase activity in different pH. Hela-Luc cells were electroporated in a cuvette with 1mm gap between the aluminum electrodes, with three pules of 300 V for 400 µs delivered by ECM-830 stimulator (BTX, USA). The results show that the optimal cell electroporation occurs under pH values around 7. 
Summary
Although ultrasound and magnetic field could release the air bubbles from electrodes, our experimental results have shown that neither ultrasound nor magnetic field on electroporation could apparently improve electroporation performance. On the contrary, the pH value is a detrimental factor for cells viability and transfection during electroporation, both the viability and transfection efficiency will decrease significantly when the pH value is higher than 8.
